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SMALL PARTICLE LIPOSOME AEROSOLS FORDEUVERY 
OF ANTICANCER DRUGS 



BACKGROl}ND OF THE INVENTION 

10 Field of the Invention 

The present invention relates generally to the field of pharmacology and 
cancer treatment Specifically, the present invention provides methods of cancer treatment 
using nebulized formulations of aerosolized liposomes containing camptottiecins for 
delivery to the respiratory tract. 

15 

Descri ption n f the Related Art 

Small particle liposome aerosol treatment consists of lipid-soluble or water- 
soluble anti-cancer drugs incorporated into liposomes, which are administered from aqueous 
dispersions in a jet nebulizer as disclosed in U.S. Patent No. 5,049,388. Aerosols of 1-3 

20 \xm mass median aerodynamic diameter, generated upon nebulization, enable targeted 
delivery onto surfaces of the respiratory tract. The deposited liposomes subsequently 
release drug locally within the lung or into the blood circulation with delivery to extra- 
pulmonary tissue. If the drug is lipid soluble, it will associate with the lipid molecules in a 
manner specific to the lipid employed and to tiie anti-cancer drag employed and, possibly, 

25 may be modified fiirther by various soluble constitiients included in the suspending aqueous 
medium. Such soluble constitiients may include bufiering salts and possibly inositol to 
aihance the synthesis and secretion of surfactant phospholipid in lung tissue and to 
minimize respiratory disti-ess akeady present or that which might result from the aerosol 
treatment (31). If the drag is water soluble, it may be incorporated by appropriate 

30 procedures in aqueous vesicles that exist in concentric spaces between lipid bilayers or 
lamellae of the multilamellar liposome. Unilamellar liposomes may be prepared; however, 



wo 2005/037341 



PCTAJS2004/029823 



their capacity to entrap either hpid-soluble or water-soluble drugs is diminished since 
entrapment is restricted to one central vesicle. 

Aerosol water droplets may contain one or more drug-Uposomes. 
Nebulization shears Uposomes to sizes readily discharged from the no2zle of the nebulizer. 

5 Liposomes up to several microns in diameter are typically sheared to diameters of less than 
500 nm, and may be considerably smaller than that depending on the operating 
characteristics of the nebulizer and other variables. Shearing of water-soluble drags 
contained in liposomes will release appreciable amounts of the water-soluble compound, 
perhaps 50 percent. This is not a contraindication to their use, but rather two forms of the 

10 drug preparation are administered. The effect includes the therapeutic effect that would be 
produced by both forms if either form had been given alone. Many other details of 
liposome aerosol treatment are described in U.S. Patent No. 5,049,388. Moreover, it is also 
possible to incorporate more than one drug in an aerosol liposome treatment, either by 
mixing different drug-containing liposomes or by using liposomes wherein the drags have 

1 5 been combined and incorporated together into liposomes. 

One such drag is camptothecin (CPT), an inhibitor of topoisomerase-I, 
which is a plant alkaloid isolated from Camptotheca acuminata in 1966. Inhibitors of 
topoisomerase-I aie potent antineoplastic drags. Human cancer cells grown as xenografts in 
nude mouse models are greatly inhibited or may be eradicated after treatment with most 

20 camptothecin analogs (15). In clinical settings, camptofliecins have been less effective (16). 
In comparison to mice, human metabolism of camptothecins yields a poor therapeutic 
index, which could explain the low response rate in cancer patients. 

The anti-tumor activity of several of the camptothecins is diminished 
following dissolution in aqueous media. This is due to a hydrolyzable alpha-hydroxy 

25 lactone ring (ring E) which opens upon hydrolysis. The change results from acyl cleavage 
yielding the biologically inactive carboxylate form of the molecule. The lactone ring form of 
the drag is sheltered in liposomes, but pharmacokinetics of camptothecins in the presence 
of human serum albumin fevors the inactive carboxylate form or open E-ring (17). This 
leads to rapid conversion of lactone to carboxylate in the presence of human serum albumin 

30 and, thus, to loss of anti-cancer activity. 

Attempts to improve the therapeutic index of camptothecuis using 
continuous infusion and oral administration have had limited success (18-20). Furthermore, 
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increasing ibe exposure of cancer celb to the active lactone form or designing analogs with 
increased lactone stability to use in a clinical setting have not resulted in significant clinical 
improvement (21-26). In previous clinical studies of oral administration, the main toxicity 
profile of 9-NC was hematologic with anemia and neutropenia and gastrointestinal with 

5 nausea, vomiting and anorexia (28,29). Another difficult side effect of oral administration 
was chemical cystitis with hematuria (29). 

The inventors have recognized a need in the art for methods of treating 
cancer in a human using camptothecins fliat avoids interaction with serum albumin or other 
constituenis to preserve the anti-cancer effect of the camptothecins with significant 

10 reduction in toxicity. Specifically, the prior art is deficient in methods of treatment using 
formulations of aoosolized liposomes containing camptothecins that are deposited wifliin 
the lungs on alveolar surfaces to effect treatment of the cancer. The present invention 
fulfills this long-standing need and desire in the art. 

1 5 SUMMARY OF THE INVENTION 

The present invention is directed to a method for treating a primary lung 
cancer or a metastatic cancer to the lung by delivering at least once to the respiratory tract 
of the individual via inhalation a nd)ulized liposomal aerosol comprising a 

20 dilauroylphosphatidylcholine liposome containing camptothecin or a derivative thereof in 
an amount sufficient to deUver a pharmacologically effective dose of the camptothecin or its 
derivative to treat the cancer. 

The present invention is directed further to a nebulized liposomal aerosol 
comprising dilauroylphosphatidylcholine and camptothecin or a derivative thereof suitable 

25 for delivery of the camptothecin or its derivative to the respiratory tract of an individual 
upon inhalation of the nebulized liposomal aerosol. The concentration of the camptothecin 
or its derivative in the dilauroylphosphatidylcholine liposome does not exceed l.O n^ml. 
The present invention is also directed to a method of producing the dilauroylphosphatidyl- 
camptothecin or derivative thereof liposome comprising the nebulized liposomal aerosol. 

3Q Otiier and fiuAer aspects, features, and advantages of the present invention 

will be apparent ftom the following description of the presently prefen-ed embodiments of 
the invention. These embodimMits are given for the purpose of disclosure. 
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BRIEF DESCRIFnON OF THE DRAWBVGS 



The appended drawings have been included herein so that the above-recited 
features, advantages and objects of the invention will become clear and can be understood in 
detail. These drawings form apart of the specification. It is to be noted, however, that the 
appended drawings illustrate prefcired embodiments of the invention and should not be 
considered to linoiit tiie scope of the invention. 

Figure 1 demonstrates the effect of treatment with 9-NC-DLPC liposome 
aerosol on xenografted human breast cancer in nude mice. 

Figure 2 demonstrates the effect of further treatment with 9-NC-DLPC 
liposome aerosol in mice selected from Figure 1. 

Figure 3 demonstrates the effect of treatment with 9-NC-DLPC liposome 
aerosol on xenografted human colon cancer (Squires) in nude mice. 

Figure 4 demonstrates the effect of treatment with 9-NC-DLPC by 
liposome aerosol or by oral admmistration on the growth of human lung cancer xenografts 
(Spark) in nude mice as measured by tumor volume. 

Figure 5A depicts the mucosa of the pharynx in a patient displaying 
chemical pharyngitis at dose limiting toxicity. Figure SB depicts the mucosa of the 
bronchus in a patient during treatment 

Figure 6 depicts FEV, fimction during aerosol treatment. First bar is the 
baseline mean FEV, pte-treatment value. Second bar is the mean of the worst FEV, value 
per patient recorded during treatment. The last bar is the mean of the FEV, value per 
patient recorded two weeks after the end of the aerosol treatment. 

Figure 7A depicts partial response in a lung metastasis of endometrial 
25 cancer after treatment. Figure 7B depicts partial response in a liver metastasis of 
endometrial cancer after treatment. 

Figure 8 demonstrates flie total 9-nitrocampthecin plasma pharmacokinetics 
in 5 patients of cohort 1 treated with DPLC-9NC liposomal aerosol by mouth-only 



20 



30 



Figure 9 demonstrates the effect of DLPC-9NC liposomal aerosol dosage 
on maximum total 9NC concentration (Q„ J in plasma during 8 weeks of treatment for all 
cohorts. First group of bars is the mean C^ after one week of treatment. Second group of 
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bars is the mean C„.« after four weeks of treatment. Last gtoiip of bars is the mean C«„ 
aft«r eight weeks of treatment 

DETAILED DESCREPTION OF THE INVENTION 

5 

In one embodiment of the present invention there is provided a method for 
treating a primary lung cancer or a metastatic cancer to the lung by delivering at least once 
to the respiratory tract of the uidividual via inhalation a nebulized liposomal aerosol 
comprising a dilauroylphosphatidylcholine liposome containing camptothecin or a 

10 derivative thereof m an amount sufficient to deliver a pharmacologicaUy effective dose of 
the camptothecin or its derivative to treat the cancer. 

In an aspect of this embodiment the nebulized liposomal aerosol is delivered 
via an inhalation regimen comprising twice a day for 5 consecutive days within a week for 
one or more consecutive weeks. In an example of such a regimen the period of consecutive 

15 weeks is the first 8 weeks out of a ten week period. Further in this aspect the inhalation 
regimen may be repeated after week 10 of the regimen. Within this aspect the nebulized 
liposomal aerosol may be inhaled for 60 mmutes during each period of inhalation in the 
regimen. In any described inhalation reganen the dose of camptothecin or it derivative 
delivered via inhalation may be about 0.26 mg/mVday to about 1.04 mg/mVday. 

20 In all aspects of this embodiment the concentration of the camptothecin or 

its derivative in the dilauioylphosphatidylcholine Uposome comprising the liposomal 
aerosol does not exceed 1.0 mg^ml. A representative example of such a concentration is 0.4 
mg^ml. Also, in all aspects a weight ratio of camptothecin or its derivative to 
dilauroylphosphatidylcholine in the liposome comprising the liposomal aerosol is about 

25 1 : 10 to about 1 : 50 wt:wt 

Additionally, in all aspects of this embodiment the camptothecin derivative 
may be 9-nitro-campto&ecin, 9-amino-camptothecin or 10,11-methylenedioxy- 
camptothecin. The metastatic cancer may be a sarcoma, a melanoma, lung cancer 
endometrial cancer, cervical cancer, pancreatic cancer, thyroid cancer or trophoblastic 

30 cancer. 

In anoAer embodiment of the present mveaition fliere is provided a 
ndjulized liposomal aerosol comprising dilauroylphosphatidylcholine and camptothecin or 
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a derivative thereof suitable for delivery of the camptothecin or its derivative to the 
respiratory tract of an individual upon inhalation of the nebulized liposomal aerosol The 
concentration of the camptothecin or its derivative in the dilauroylphosphatidylcholine 
liposome does not exceed 1.0 rag/mL A representative example of concentration is 0.4 

5 mg/mL In ail aspects of this embodunent the weight ratios of the camptothecins to 
dilauroylphosphatidylcholine, the camptothecin derivatives and the metastatic cancers are 
as described 5t(pra. 

In an aspect of this embodiment a method of produchig the 
dilauroylphosphatidyl-camptothecin or derivative thereof liposome comprising the 

10 nebulized liposomal aerosol is provided. The method comprises the steps of dissolving one 
of the camptothecins in a volume of DMSO to produced dissolved camptothecin or its 
derivative, dissolving the dilauroylphosphatidylcholine in an appropriate to solvent to 
produce dissolved dilauroylphosphatidylcholine and combining the dissolved constitiients 
to produce a solution having a DMSO concenti-ation not exceeding about 5% of the total 

15 volume of the solution. The weight ratio of the camptothecin or its derivative to tiife 
dilauroylphosphatidylcholine in the solution is in a range of about 1:10 wt:wt to about 1 :50 
wt:wt of the solution. The solvents are evaporated from Ae solution to form a powder. 
The powder is ledissolved in sterile water to produce a suspension such that a 
concentration of the camptothecin or its derivative in the sterile water docs not exceed 1.0 

20 mg^ 

The following terms shall be interpreted according to the definitions set forth 
below. Terms not defined infra shall be interpreted according to the ordinary and standard 
\isage in the art. 

As used herein, the term "aerosols" refers to dispersions in air of solid or 
25 liquid particles, of fine enough particle size and consequent low settling velocities to have 
relative airborne stability (See Knight, V., Viral and Mycoplasmal Infections of the 
Respiratory Tract. 1973, Lea and Febiger, Phila. Pa., pp. 2). "Liposome aerosols" consist 
of aqueous droplets within which are dispersed one or more particles of liposomes or 
liposomes containing one or more medications intended for delivery to the respiratory ti-act 
30 of man or animals (32). The size of the aerosol droplets defined for this application are 
those described in U.S. patent 5,049,338, namely mass median aerodynamic diameter 
(MMAD) of 1-3 Man with a geometric standard deviation of about 1.8-2.2. However, with 
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low concentrations of 9-NC and possibly other camptothecin derivatives, the MMAD may 
be less than I \xm, such as 0.8 fxm- Based on the studies disclosed by the present invention, 
the Uposomes may constimte substantially all of the volume of the droplet when it has 
equilibrated to ambient relative humidity. 

5 As used herein, the "Weibel Lung Model" refers to a classification of the 

structure of the human lungs that recognizes 23 consecutive branchings of the airways of 
humans. The trachea is labeled 0, bronchi and bronchioles extend flirough branches 16. 
These portions of fte airways contain ciliated epithelium and mucus glands. Together they 
constitute the mucociliary blanket Branchings 17-23 compose the alveolar portion of the 

10 lung and do not have a mucociliary blanket. Thus, particles deposited here are not carried 
up the airway to be swallowed. 

As used herein, the terms "20-S-camptothecin", "camptothecin" or "CPT" 
refers to a plant alkaloid with anti-cancer properties. 

As used herein, the terms "9-nitro-camptothecin" or "9-NC', "9-amino- 

15 camptothecin" or "9-AC," and "10, 1 1-methylenedioxy- camptothecin" or "MDC" refer to 
active anti-cancer drags derived from 20-S-camptothecin that are insoluble in water but are 
sohible in certain lipid solvents. 

As used herein, the terms "dilauroylphosphatidylcholine" or "DLPC" is a 
lipid used to formulate liposomes. 

20 Provided herein is a method for treating a primary or metastatic lung cancer 

in an individual by delivering a nebulized DLPC-CFT or -CPT derivative liposomal aerosol 
to the respiratory tract of the individual via inhalation. A jet nebulizer nebulizes the 
DLPC-CPT or -CPT derivative liposomes to form a small particle aerosol conq>rising 
aqueous dispersions of the DLPC-CPT or -CPT derivative liposomes that subsequently 

25 are delivered to the individual upon inhalation. The present invention demonstrates that 
speedier and more efficient systemic absorption of camptothecin or a derivative thereof is 
actualized after puhnonary administration by aerosol than is acmalized by intramuscular or 
oral administration. Although not limited to such, the present methods are effective in 
treating cancers such as sarcomas, melanomas, lung cancer, endometrial cancer, cervical 

30 cancer, pancreatic cancer, thyroid cancer or trophoblastic cancer. 

It is contemplated specifically that flie n*ulized liposomal aerosols of the 
present invention be used for delivery via inhalation of aqueous dispersions of liposomes 
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carrying camptothecin or a derivative thereof to the respiratory tract the individual. 
Examples of camptothecins used in the present invention are 20-S-camptothecin or 
camptothecin, 9-mtro-caraptothecin, 9-amino-camptothecin or 10,1 l-methylenedioxy- 
camptothecin. Camptothecin or its derivatives is delivered in a phamiacologicaUy effective 

5 amount; i.e., a total amount that eliminates or reduces die tumor burden of the cancer. To 
be effective the concentration of the camptothecin or derivative in the' 
dilauroylphosphatidylcholine liposome comprising the liposomal aerosol should not exceed 
1.0 mg/ml and preferably is 0.4 mg/mL AdditonaUy, the weight ratio of the camptothecins 
to DLPC is within the range of about 1:10 wt:wt to about 1 :50 wt:wt, preferably 1 :50, 

10 Although the dose and dosage regimen wiU depend upon the nature of the 

cancer, i.e., primary or metastatic, the characteristics of the particular camptothecin chosen, 
e.g., its therapeutic index, the patient, the patient's history and other factors, a person 
having ordinary skill in this art would readily be able to determine, without undue 
experimentation, the appropriate dosages. Typically, however, the amount of 

15 camptothecin or its derivative administered via inhalation may be in the range of about 0.26 
mg^m^/day to about 1.04 mgteVday or about 6.7 ng/kg/day to about 26.6 ng/kg/day. The 
dosage or inhalation regimen may comprise one or two inhalation therapies per day using aU 
or a divided daily dose over a period of consecutive days, e.g., 5, in a week additionally over 
a period of consecutive weeks such as 8 out of 10 weeks. It is also contemplated that a 

20 dosage or inhalation regimen may be rqjeated. 

Treatment using a nebulized DLPC-9-nitro camptothecin (DLPC-9NC) 
aerosol has demonstrated a lack of hematologic toxicity. While the aerosol doses 
administered were 3 to 5 times lower than those administered orally, blood levels were close 
to those observed after oral ingestion (29). The aerosol droplet size or MADD of the 

25 ' DLPC-9NC liposome, as defined herein, is in the range that optimizes alveolar deposition. 
Alveolar-capillary exchange of 9NC through the pulmonary vein (30) makes inhalation 
therapy a method of rapid and efficient sustained arterial delivery through the lung 
parenchyma. This allows for first pass presentation of 9NC to the cancer site. It is 
demonstrated herein that high levels of 9NC are found in the hmgs at the end of treatment 

30 and Aat clearance of 9NC from die lungs is slower than from the plasma. 

Administration of die nebulized liposomal aerosol via inhalation is relatively 
easy using a jet nebulizer; patients can be trained to self-administer at home using a portable 

8 
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machine. Local pulmonaiy effects were bothersome in a few patients, but no incapacitating 
interference with puhnonary function was noted despite the presence of substantial 
primary or metastatic cancer in the lungs. Although chemical pharyngitis was the most 
prevalent dose-limiting side effect, the mucosa of the bronchus was spared significant 
toxicity despite a decrease in FEVl. Chemical pharyngitis increased during administration 
but disappeared at the conclusion of the treatment Use of bronchodilators and steroid 
inhalers ameUorated this side effect. AdditionaUy, bronchospasm was also more 
pronounced inpatients with extensive puUnonaiy involvement with cancer. 

The methods of the present mvention have demonstrated the systemic 
absorption of 9-nitrocamptothecin after pulmonary administration. Additionally, a partial 
remission of an endometrial cancer with metastases to die liver has been effected. As such, 
it is contemplated that systemic delivery of an anti-cancer dmg, e.g., one of the 
camptothecins, via inhalation of a liposomal aerosol containing the drug can be used to treat 
other than puhnonary cancers. 

As described herein, the invention provides a number of therapeutic 
advantages and uses. The embodiments and variations described in detail herein are to be 
interpreted by the appended claims and equivalents thereof. The following examples are 
given for the purpose of iUustrating various embodiments of the invention and are not 
meant to limit the present invention in any feshion. 

EXAMFLEl 

Nude Mice: Swiss immunodeficient nude mice of the NIH-1 high fertility 
strain, bred and housed at the Stehlin Institute were used for these experiments (15). 

Human Cancer Xenografts: Human heterotransplants were established in 
nude mice. For an implant, approximately 50 rag of wet weight of finely minced tumor in 

0. 5 ml of Eagles minimum essential medium was injected under the skin over the right dorsal 
chest region. The animals were started on treatment with the experimental dmg about 10 
days after implantation of tumors. Tumors of breast cancers were measured in two 
dimensions, i.e., area, with caUpers, while colon cancers were measured in three dimensions, 

1. e., volume, wiA calipers. 



9 



wo 2005/037341 



PCT/US2004/029823 



EXAMPLE 2 

ram ptathecin liposome aerosol formulation and administration 

CPT and 9-nitrocamptothecin were provided by Dr. Beppino Giovanella of 
the Stehlin Institute, Houston, Texas. DLPC was obtained from Avanti Polar Lipids, 
5 Pelham, AL. Aerotech H nebulizers for animal studies were obtained from Cis-USA, Inc., 
Bedford, MA. 

For formulation of liposomes, 9-NC (100 mg/ml) or CPT (10 mg^ml) was 
dissolved in 100% DMSO, and added to DLPC dissolved in tertiary butanol (40_C) so the 
final DMSO concentration did not exceed 5 percent of the total volume and the ratio of dmg 

10 to lipid was 1:50 (w/w). The final suspension was clear. If precipitation occurred, it was 
reheated to 50-60_C. The preparation was fix)zen in liquid nitrogen and lyophilized 
overnight. For use the material was dissolved in sterile water to the appropriate dmg 
concentration, not exceeding l.O mg/ml for either drag. The efficiency of incorporation of 
drag in the liposomes was examined qualitatively by microscopic examination under 

15 polarized light. Unuicorporated drag was seen as bi-refringent crystals. The efficiency of 
incorporation was examined by centrifiigation of aqueous suspensions of liposomes on 
Percoll™ gradients. One-tenth ml of suspension was layered over 2 ml of gradient and 
centrifiiged at 2000 rpm for 25-30 mmutes. Liposomes layer at die water-PercoU interface, 
while unincorporated drag was deposited at the bottom of Ae tube. Many other lipids 

20 may be substituted for DLPC in the formulation and use of liposomes for delivery of drags 
by aerosol (26). 

EXAMPLES 

H pLC analysis 

25 The Waters (Milford, MA) 710B Wisp automatic injector and Waters Nova- 

Pak C18 column at room temperature was used to quantitate CPT and 9-NC. The mobile 
phase was 30% acetonitrile and 70% of 0.1% glacial acetic acid. CPT was detected using the 
Waters 470 scanning fluorescence detector set to an excitation wavelength of 370 nm and an 
emission wavelength of 440 ran. 9-NC was detected using the Waters 440 absoibence 

30 detector and monitoring at 254 nm. The data were analyzed with the Waters Millenium 
software. 
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EXAMPLE 4 

Awnsnl droplet me asurement 

The size of aerosol droplets was measured wifli the Andersen ACFM non- 
viable ambient particle sizing sampler (Andersen Instruments, Inc., Atlanta, Ga.) by 
5 methods previously described (33). Mass median aerodynamic diameters and geometric 
standard deviations were determined using KaleidaGraph 2.0 (Synergy Software, Reading 
Pa.). The aerosol droplets consisted of an aqueous suspension of liposomes. Liposome 
diameters were measured in aqueous suspension with the Model 3300 NICOMP Laser 
Particle Sizer. 

10 

EXAMPLES 

rom parisnn of plasm a concentrations of 9-NC after oral administration 

Table I shows a comparison of blood or plasma concentrations of 9-NC and 
the time of peak concentrations following oral administration to humans, dogs and mice 
15 (34). Single oral doses ranged from 0.1 to 1.0 mglcg for humans and dogs and were 4.1 
mg^ for mice. There may be some differences in pharmacokinetics between CPT and 9- 
NC, but it is a reasonable possibility that the forcing difGsrences are predictive of the 
properties of both agents. 
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TABLE 1 

Comparison of 9-NC concentrations in blood or plasma foUowing single oral, intranasal or 
5 aerosol dosage 



Oral dose 
rSinple doses^ 



Blood or plasma 
Concentration 



Time of maximum 
Concentration 



0.1 mg/kg 
(7 mg/dose) 

1.0 mg/kg 
(70 mg/dose) 



483 ng/ml 
1247 ng/m\ 



3.4 h 
(Tl/2 = 2.5h) 

5.3 h 

(Tl/2 = 4.9 h) 



Dog 



1.0 mg/kg 
(70 mg/dose) 



19.1 ng/ml 



0.7 h 
(Tl/2 = 6.4 h) 



4.1 mg/kg 732 ng/ml 

(0,124 mg/dose) 



6min 
(Tl/2 = 10 h) 



Intranasal 



233 ^g/kg 213 ng/ml 

(7 |xg/mouse) 



end of instillation 



Inhaled in Li posoamal Aerosol (30 min> 



16.2 fig/kg 
(486 ng/mouse) 



13.9 ng/ml 



end of aerosolization 
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Table 2 describes the method of calculating aerosol dosage in the mouse, and 
this is the basis for determining dosages cited in Table 1. Much of the inhaled drug is 
dq>osited in the nasopharynx of the mouse because of the complex nose structure of 

5 rodents. Similarly, nasal instillation leads to hiih nasopharyngeal deposition. Material 
deposited heie is promptly transported to die esoph^eal orifice and swallowed. About 
10-15 percent of the inhaled aerosol dose, however, will penetrate to flie peripheral lungs. 

In humans with mouth breathmg, only small amoimts of the aerosol particles 
will deposit in the mouth and virtually none mil deposit in the nasopharynx. Material 

10 deposited in the central airways is returned to the pharynx by muco-ciliary action where it 
is swallowed. In the case of primary lung tumors, which often occur at bronchial 
bifurcations, drag will deposit on tumor surfaces and be adsorbed directly into tfie tumor 
mass. Material deposited beyond the 16th Weibel generation, which is beyond the ciliated 
epitfaelhim, will not be moved upward; thus, in tumors within the peripheral lung 

1 5 parenchyma, die drug will deposit in adjacent areas and be absorbed directly into the tumor 
mass. In addition, a major advantage of die present invention is that drug deposited beyond 
the ciliated epithelium is picked up by capillaries m the interstitial space and the 
lymphatics of the lungs and will enter the circulation. 
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Tissue distribution of camptoihecin after inha lation of liposomal aerosol in mice 

Table 3 shows tiie tissue distribution of CPT following 15 minutes of 
nebulization in DLPC liposome aerosol. The CPT concentration in the liposomal 
5 preparation in the nebulizer was 0.2 mg/mL Aerosol was generated with an Aerotech H 
nebulizer operating at a flow rate of 10 L/min. The deposited dose was calculated to be 486 
ng per mouse. The mean concentrations in lungs and liver were similar with smaller 
concentrations in the other sites examined. 

10 TABLES 

Tissiift distribution of CPT followin g 14 minutes inhalation of CPT liposome aerosol 



35 



Animal 


Orpan 


CPT fnp/pm^ tissue 


1 


Lung 


52 0 




Liver 


44.3 




Spleen 


12.0 




Kidney 


29.3 




Blood 


7.1 


2 


Lung 


48.0 




Liver 


44.3 




Splerai 


16.4 




Kidney 


21.8 




Blood 


8.3 


3 


Lung 


27.0 




Liver 


21.9 




Spleen 


11.4 




Kidney 


18.0 




Blood 


22.6 


4 


Lung 


77.5 




Liver 


178.0 




Spleen 


25.0 




Kidney 


50.0 




Blood 


17.7 




Mean r*SD^ CPT fne/pn tissued 






Lung 


51.1 ±20.7 




Liva- 


72.1*71.4 




Spleen 


16.2 ± 6.3 




Kidney 


29.8 ± 14.3 




Blood 


13.9 ± 7.5 
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Table 4 shows tissue distributions over a period of one hour following 
intranasal instillation of 7 \ig per mouse or 233 fifing. CPT was administered in liposomal 
formulation prepared with DPLC with initial drug concentration of 0.2 mg/mL 35 \iL of 
suspension was installed to each animal with a group of 3 animals treated for each time 

5 point. Drug was cleared promptly from flie lungs so that 15 minutes after stopping 
nebulization only negligible amounts of drag were present in the lungs. Liver, kidney and 
spleen had substantial amounts of drug initially which gradually diminished through the one 
hour of study. Interestingly, blood concentrations were the least throughout the study. 
These studies indicate substantial immediate deposition of drug in the lungs with rapid 

10 clearance to the viscera. The amount of drug contributed by absorption from swallowed 
drug is uncertain. 

TABLE 4 

15 Time dependent or gan distribution of C PT after intranasal administration 



20 



Organ 


0 


Time (minutes) 
15 

ng/gm of tissue 


30 


60 


Lung 


1287 ± 657 


19± 3 


36 ±23 


7± 3 


Liver 


651 ±418 


255 ± 101 


66 ±17 


34 ± 7 


Kidney 


542 ± 174 


190 ± 57 


49 ±13 


24±21 


Spleen 


351 at 137 


84 ± 32 


21 ± 8 


7± 2 


Blood 


213 ± 19 


53 ± 20 


8± 3 


4± 2 



EXAMPLE? 

nie ^hiitinn of camot o tbecin in blood and viscera after intramuscular iniection 
30 Table 5 shows the distribution of drag in blood and viscera following 

intramuscular injection of CPT. Drag disappeared very slowly from the site of 
intramuscular injection in the first 12 hours, wifli only very small concentrations detected in 
the liver and virtually no drag present at other sites. Concentrations in the blood were 
negligible throughout the study. The dose administered was the same as that given by 
35 intranasal instillation. These findings indicate a ^eedier and more efficient systemic 
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absorption of drug after pulmonary administration of drug than by the intramuscular route. 
It is likely that deposition in organs and vascular spaces will increase the opportunity for 
exposure to albumin molecules and degradation to the carboxyl fonn of the drug. 

5 TABLES 

Time de pendent organ distribution of CPT after intramuscular administration 

Time (minutes) 

10 Organ 0 15 60 120 

ng/gm of tissue 



Lung 


2±l 


4±2 


3±3 


4±3 


Liver 


3±1 


87 ±74 


136 ± 107 


126 ±116 


15 Kidney 


2*1 


18 ±9 


11 ±5 


5±1 


Spleen 


2±0 


40 ±14 


26 ±7 


15±5 


Blood 


2±1 


12±5 


8±1 


4±1 


Site of inj. 


6918 ± 265 4309 ±1548 


4609 ± 1412 


1544 ±751 



20 CPT initial stock 5 mg/tsA in DMSO was suspended in saline (1.4 \tL stock + 48.6 \iL 
saline) and total 50 jiL of suspension was injected Im. in each mouse. Groups of 3 animals 
were treated for each time point 

EXAMPLES 

25 Rfabilitv of Linosomes Consisting of DLPC and 9-NC 

Table 6 shows tiie stability of liposomes with fixed weight ratio of 9-NC 
and DLPC of 1:50 (w/w) but with increasing concentrations of constituents from 0.1 mg/nA 
to 1.0 mg/ml of drug. The samples were tested under various conditions after vortexing, but 
before start of nebulization, after nebulization for 1.5 to 2 minutes (sample taken from flie 

30 fluid in the reservoir of tiie nebulizer) and from tiie aerosol tiiat was collected in an all-glass 
impinger (All-Glass Impinger, Ace Glass Co., VinelandN. J.)- 
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Liposome particle size and drug crys tal formation in preparations of 9-NC DLPC liposome 
formulations 

Concentration (mg/ml) Sample Liposome particle Crystals 
9NC DLPC size(nm) visual est. 

0.1 5.0 1 8006 

2 798 + 

3 332 

0.2 10.0 1 6201 

2 434 + 

3 812 

1.0 50.0 1 5448 ++ 

2 718 ++ 

3 816 + 

The most stable preparation was the one with lowest concentration of 
constituents. A few crystals appeared in the reservoir following nebulization. 
Nebulization caused a ten-fold reduction in the diameter of tiie liposome particles, due to 
the shear forces associated with nebulization. There was fiulfaer reduction in tiie diameter 
of liposome particles recovered &om the aerosol. This finding is consistent wi& selection 
of smaller particles for discharge in aoosol. The lack of crystals suggests that crystals may 
not nebulize as readily as liposomes. With larger dosages of liposomes, size reduction 
following nebulization occurred, but particles recovered fix)m aerosol were not reduced in 
size compared to particles that had been cycled in tiie reservoir of die nebulizer. 

EXAMPLE 9 

Effect of DLPC/9-NC liposomal aerosol on growth of human breast cancer explants in mice 
Figure 1 shows growth in the area of subcutaneous breast cancer xenografts 
during treatment with 9-NC-DLPC liposome aerosol. There were six 9-NC treated and 5 
control mice. Treatments were given 15 minutes daily, five days per week. The dose was 

8.1 M-g^ P^'' deposited dose in the respiratory tract of each mouse was estimated 
to be 234 ng per day. The data on tumor size was normalized and the divergence of tumor 
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size (% initial tumor growth) in the two groups was highly significant by day 17 of 
treatment (P<0.01 1). After this time, control mice were sacrificed because of the presence 
of large necrotic tumor masses. Figure 2 shows the course of events with two treated mice 
which were subsequently followed with higher doses of drug, following a period of 16 days 
5 without treatment. A few days following restart of treatment with a five-fold increase in 
the dose of 9-NC liposome aerosol, flie size of tumors in the treated animals diminished 
r^idly, and were no longer visible by the SStib day after start of treatment. 

EXAMPLE 10 

10 Effect of DLPC/9-NC liposomal aerosol on human colorectal cancer xeno grafts in nude mice 
A similar study was performed in nude mice with human colon carcinoma 
xenografts and is shown in Figure 3. There ware 15 treated and 20 control mice. Ten 
controls received empty DLPC liposomes and 10 received no treatment Control animals 
that received no treatment or DLPC only showed a consistent and r^id increase in tumor 

15 size until they were sacrificed on day 36. The ovoall rate of tumor growth was 7 to 11 
times greater in control than in 9-NC-treated mice. 

The treated animals were divided into two groups of 10 each. One group 
received 77 pg/kg/daily, five days per week throughout the entire experiment The other 
received 77 jAg/kg per day five days per week until day 35 when the dose was increased to 

20 153 ng/kg per day five days per week until day 46 when it was increased to 307 fig/kg on 
the same schedule until day 61. There was slightly less increase in tumor size in the group 
receiving the higher dose, but the differences were not statistically significant, and the data 
are combined in &e figure. 

Four mice in the DLPC treatment group were sacrificed because of large 

25 tumors or tumor necrosis before day 61, and sbc mice in the no treatment group were 
sacrificed for the same reasons before day 61. In tiie treatment groiq) five mice were 
sacrificed because of tumor necrosis or emaciation before day 61 . The emaciated mice w^ 
in tiie higji dose group, suggesting drug toxicity. One additional treated mouse was 
sacrificed because of rectal prolapse. Based on these findings of reduced rate of tumor 

30 growth, day 28, (P<0.007, Student t test, 2 tailed) and reduced mortality there is an 
unequivocal therapeutic effect of 9-NC treatment (P<0.002~chi square test). 
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EXAMPLE 11 

RfFect of DLPC/9-NC liposomal aerosol on htiman lung carcinoma xenografts in nude mice 

Additionally, studies were performed on the effect of treatment with DLPC- 
9NC via liposome aerosol or via oral administration on the growfli of human lung cancer 

5 xenografls (Spark) in nude mice as measured by tumor volume. Treatment was initiated 
about two weeks after tumor implantation. Control animals showed a rapid increase in 
volume of tumors. Animals who received oral dosage with the liposome drug aqueous 
suspension in doses of 100 ^g/kg/day, which is more than twice the aerosol dosage, did not 
respond to treatment (Figure 4). 

10 Both aerosol and oral doses were doubled on day 13. The increased dosage- 

was followed by decrease in the size of tumors treated with aerosol, but there was no 
decrease in size of tumors in mice given oral treatment. Thus, despite the fact that half or 
more of aerosol dosage administered to mice is deposited in the nose, head, trachea and 
upper bronchi and is promptly carried by Ae mucociliary system to the esophagus where it 

15 is swallowed, the fraction of inhaled dmg that is deposited in the lung is principally 
responsible for the effect on tumor growth. 

The most likely explanation of the clear efficiency of aerosol delivery is the 
rapid entry of the drug to the circulation where it is returned to the left heart, and then to 
the aorta and peripheral circulation. Thus, the drug would reach the tumors on "first pass" 

20 without having passed through the liver, which would remove large amounts of drug from 
blood. 

EXAMPLE 12 

Methods for a phase I clinical trial using an aerosolize d DLPC-9NC liposome 
25 Patients 

The phase I clinical study was approved by the human-subject institutional 
review board. Patients 18 years of age or older, having provided informed sign consent, 
witii primary or metastatic cancer in the lung, who had Med standard chemotherapy 
regiments and met specific criteria were eligible for the study. The patient must have a 
30 performance status of 0 to 2 according to the Eastern Cooperative Oncology Group 
Performance Status Scale, must be expected to survive more than 12 weeks and must have 
adequate bone marrow fimction, i.e., a granulocyte count of 1,500/mm^ or more and a 
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platelet count of 100,000/mm^ or more and an absence of a regular red blood cell transfusion 
requirement Additionally, the patient must have normal renal and hepatic fimctions, i.e., a 
serum bilirubin concentration lower than 2 mg/dl and SGOT or SGPT lower than twice the 
upper limit of normal. The patient must have no known respiratory disease other than 
5 cancer and puhnonary function of 50% or more of the predicted FEV,, FEVj/FVC, TLC, 
and DLCO values. 

Patients were excluded if their disease was amenable to attempted curative 
therapy, if they had known symptomatic central nervous system metastases, other serious 
illness or psychiatric condition. A patient coidd not have received concurrent treatment 
10 with other experimental drugs or other anti-cancer therapy. Female patients were excluded 
if they were pregnant, lactating or not using effective contraception. Of the 25 patients 
studied, 24 completed the protocol. One patient refused fiirther therapy after 15 minutes 
of aerosol. The characteristics of the 25 patients entered in the study are shown in Table 7. 
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Characteristics Number of Patients 



A gp : 

5 Median: 55 years 

Range: 39-84 years 
Performance Status: 

0 11 

1 12 
10 2 2 

Sex: 

Female 18 
Male 7 
Histology: 

15 Sarcoma 3 

Melanoma 3 
Endometrial cancer 5 
Lung Cancer 6 
Cervix Cancer 4 
20 Pancreatic Cancer 1 

Thyroid C^icer 2 
Trophoblastic Cancer 1 
Prior Chemotherapy: 21 
Prior XRT: 13 
25 Prior Surgery: 14 
Other Characteristics 



Number of prior chemotherapy: 
1 
2 

30 >3 
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Treatment 

This was a single-arm, non-randomized feasibility evaluation followed by a 
phase I trial of DLPC-9NC administered by aerosol five consecutive days per week- Six 
patients were entered in flie feasibility cohort and treated twice for approximately 30 

5 minutes per nebulization with 2 mg of 9NC in 10 ml of sterile water until the nebulizer 
reservoir was empty. This constitutes a daily dose of 6.7 ng/kg or 0.26 mgto^ followed by 
an observation period of 2 weeks (Phalen, 1984 #2552). 

Once the feasibility of delivering chemoflierapy by aerosol was established, 
the phase I study began first by increasing the number of weeks of delivery with one 

10 patient per each test period followed by 2 weeks of observation, i.e., 2, 4, then 6 
consecutive weeks. Dose escalation started with 8 weeks of administration wifli 3 to 6 
patients enrolled in each dose escalation cohort. Dose escalation was done first by doubling 
the concentration of drug in the nebulizer, then by increasing the amount of time per daily 
administration. The following doses per cohort were 6.7, 13.3, 20.0, and 26.6 ng^g/day 

15 (Phalen, 1984 #2552) or 0.26, 0.52. 0.78, and 1.04 mg/mVday, respectively. 

Drug was administered through an AeroMist nebulizer (CIS-US, Bedford, 
MA) flowing at 10 L of compressed air/min with a reservoir containing the DLPC-9NC 
preparation and admmistered through a mouth-only face-mask (Hans Rudolph Inc., Kansas 
City, MO). Patients and the aerosol nebulizer were enclosed in a HEPA-filtered aiibome 

20 scavenging tent (Peace Medical Inc., Orange, NJ). Pre-medications prior to starting aerosol 
treatment consisted of albuterol inhalers for three days, twice a day. Albuterol and 
fluticasone propionate inhalers were then prescribed on an as needed basis throughout the 
treatment. Prior to treatment patients were given the opportunity to simulate a treatment 
in order to familiarize tiiemselves with the tent environment, facemask and respiratory 

25 techniques. 

The first course and the first week of the second course of treatment were 
administered at M.D. Anderson Cancer Center under clinical supervision. This time was 
used to train patients, after which if no side effects greater than 2 were observed, patients 
were allowed to self administer treatment at home with a portable air compressor Easy Air 
30 15® (Precision Medical, Northampton, PA) and an Enviracaire HEPA filtering system 
(Honeywell, Golden Valley, MN). Home treatment was supervised weekly by telephone 
contact and once by a home visit Repeated courses at the same or the previous dose level 



23 



wo 2005/037341 



PCTAJS2004/029823 



were administered to the patients who benefited from the treatment, either remission or 
stabilization of disease. If toxic effects precluding therapy persisted for more than 3 weeks, 
the patients were taken off study. 

At study entry and every three weeks a complete medical history was taken, 
a physical examination was performed and perfonnance status was noted. Weekly 
complete blood ceU count, and monthly relevant blood chemistgries and urinalysis were 
performed. Tumor markers and a CAT-scan of the chest were obtained at baseline and 
prior to each course. At the end of the study, all radiographic imaging data of responding 
patients were reviewed by an independent radiologist and by the principal investigator to 
confirm the patients' responses. Simple spriometry, DLCO, and lung volumes were 
performed according to American Thoracic Society standards. Results were expressed as a 
percentage of the value predicted based on age and height according to the methods of 
Knudson et al. (11), before and foUowing predefined aerosol exposures to detect possible 
pulmonary fimctional abnormaUties. More fiiequent pulmonary fimction tests were 
performed at the principal mvestigators' discretion. Pulse oximeter readings were 
performed at intervals during daily treatments. 

Pharmacolo pif-al Procedures 

The purpose of quantitation of 9NC ftom plasma and bronchoalveolar fluids 
was to determine systemic absorption fi-om the alveolar-capillary exchange surfece. Plasma 
concentrations of total PNC and the lactone form were measured. For patients who 
volunteered for pharmacokinetic studies, blood was obtained at various time pints from the 
start of the aerosol treatment depending on the cohort For cohort 1 used in the feasibility 
study blood was obtamed at the end of the first week of treatment. Samples were taken at 
0, 0.5, 1, 1.25, 1.5, 2, 3, 5, 7, and 24 hours from the start of the 1-hr aerosol exposure. For 
aU other cohorts, samples were obtained at 0, 2, 5. 8, and 24 hours on days 1 and 5 of 
weeks 1, 4 and 8 where appropriate. Quantitation was performed either by LC/MS, for 
cohorts 1 and 2, or by HPLC analysis, for cohorts 3 to 6. 9NC plasma concentrations were 
calculated from the ratio of 9 NC to CPT as internal standard. Extraction of 9NC and its 
lactone form was performed using Waters C18 Sep-Pak Light cartridges immediately after 
separating the plasma by a method similar to that previously described (12). Minimal level 
of detection of 9NC/ml of plasma was 0.5 ng by LC/MS and 1.0 ng by HPLC. 
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Bronchoscopy was perfonned by a pulmonologist to obtain either 
bronchoalveolar lavage (BAL) fluid or bronchial aspirate for quantitation of 9NC. A BAL 
of flie right middle lobe was perfonned once on volunteering patients at various times after 
fee completion of treatment to study fee amount of 9NC retamed over time. Concentration 
5 of total 9NC in fee BAL fluid was conected for dilution by determining fee ration of BUN 
in fee lavage and in a plasma sample taken at fee same time (13). 

nritftria fnr T?esponse and Toxicity 

Toxicity was evaluated for each dose level during fee first course of therapy 

10 to determine the DLT, which were based on the NCI Common Toxicity Criteria version 2 
(http://ctep.cancer.gov/forms/CTCv20_4-30-992.pdf) and defined as the dose that 
produced a reversible grade 3 or 4 hematological toxicity lasting >7 days, or a reversible 
grade a3 (grade 2 for neurotoxicity) non-myelosuppressive toxicity in >33% of patients 
treated at a given dose level. While the main purpose of this study was to determine the 

15 appropriate starting dose for phase n studies and to determine a toxicity profile for DLPC- 
9NC, clinical responses were determined according to fee WHO criteria (14). 

EXAMPLE 13 

r>P.t,^inarinn of a chase Tl dose of aerosolized liposomal 9NC 

20 If no DLT was observed among fee initial 3 patients placed on a dosage level 

in Example 12, fee dose was escalated by successive cohorts of 3 patients. If one instance 
of grade >3 toxicity was observed among fee initial 3 patient, an additional 3 patients were 
treated at feat level. If no furfeer instances of grade >3 toxicity were observed, fee dose 
was escalated for the next cohort of 3 patients. If at any time 2 patients in one cohort 

25 developed a grade >3 toxicity, entry onto feis cohort was terminated. The recommended 
dose for phase n study was defined to be fee highest dose for which no patient developed a 
grade >3 toxicity. 

Pulmonary fimction was compared by fee two-tailed, paired t-test to 
evaluate changes during and after treatment fi»m baseline values. Total 9NC concentrations 
30 in plasma between cohorts were compared by two-tailed t test where possible. 

At 1.04 mg/mVday wife twice a day dosing fee DLT was a chemical 
mucositis of fee pharynx seen at fee end of fee first week in 2 patients (Figs. 5A-5B). No 
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changes in pulmonary function were observed in these patients. This cohort was halted and 
a new cohort at a dose of 0.78 mgtoVday was opened. Five patients were entered at that 
level. One of these patients declined further therapy after 1 week. Two of the remaining 
foxir patients completed treatment with few side eflfects, but the last 2 patients required a 
5 dose reduction for grade 2 and 3 Mgue after 4 weeks of treatment. At dose of 0.52 
mgto^/day, all patients tolerated the treatment well. 

Most side effects were gtade 1. Table 8 shows the main side effects, with 
cough in 67% of patients, wheezing and chest congestion in 46%, sore throat in 33%, 
nausea in 62%, vomiting in 33%, anorexia in 33%, dysgeusia in 33%, fatigue in 50%, anonia 
10 in 29%, and skin rash around the face mask in 21%. Grade 1 epistaxis, chiUs, dysuria, and 
thrombocytopenia were seen in 4 patients or less. Table 9 shows the toxic effects for each 
patient cohort. Seven patients, who had benefited from the fu-st course of therapy received 
one or more courses at home. No cumulative toxic effects were noted in these patients. 



15 TABLES 

Percentage of side effects per cohort fN = 24 patients) 



Side Effect 


1 


2 

fN=3) 


3 

fN=5) 


4 
(N=2) 


6 

fN=5) 


Cough 


33 


100 


100 


100 




Wbeezing/Chest 
Congestion 


33 


66 


40 




80 


Sore Throat 


33 


33 


40 


100 




Dysgueusia 


22 


66 


20 


50 


40 


Anorexia 


44 


66 


20 




20 


Nausea 


55 


66 


80 


50 


60 


Vomiting 


22 


33 


40 


50 


40 


Epistaxis 






20 




40 


Peribuccal rash 






40 


50 


40 


Fatigue 


55 


66 


40 


50 


40 


Chills 


22 


33 


50 






Dysuria 




33 






20 


Anemia 


33 




40 


50 


20 


Thrombocytopenia 11 




50 
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TABLE 9 

Percentage of side effects per cohort (N=24 patients) 

Total 

Side Effect Grade 1 Grade 2 Grade 3 (N, %) 

Cough 11 5 16(66%) 

Wheezing/Chest 6 5 11(46%) 
Congestion 

Sore Throat 6 1 1 8(33%) 

8 8 (33%) 

7 1 8 (33%) 

6 8 1 15(62%) 

Vomiting 6 2 8(33%) 

Epistaxis 3 3 (12%) 

Peribuccal lash 4 1 5(12%) 

Fatigue 6 5 1 12(50%) 

Chills 4 4(16%) 

Dysuria 2 2 (8%) 

Anemia 3 4 7(28%) 

Thrombocytopenia 2 2(8%) 

Figure 6 shows tihie effect of the aerosol chemotherapy on FEVi. Meai 
FEV| and other puhnonary functions before treatment were at least 85 percent or more of 
predicted values. There was a decrease in puhnonary function for all tests (p<0.01; paired 
t-test, two-tailed). Except for 3 patients, the greatest reductions for FEViA^C, TLC, 
DLCO, and O2 saturation remained within an acceptable clinical range (>50% predicted 
value). The 3 patients wifli a FVC and FEVi <50% of predicted value at the end of. 
treatment had extensive pulmonary mvolvement by tumors, which were progressive despite 
therapy. Mean FEV, function dropped by 22% during aerosol therapy (p<0.0001) and 
improved to 81% of predicted value upon cessation of therapy. The mean aid treatment 
value was significantly different than the baseline (p<0.035; paired t-test, two-tailed), but 
remained in a range fliat is not clinically pathological (mean FEV,=81% of predicted value). 
Lung function of the 24 enrolled patients is shown in Table 10. 
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Lung functio n of the enrolled patients m=24) 
% Predicted 



Value 


BL 


Max 


]^ 


>75% 








FVC 


17 


5 


12 


FEVi 


15 


3 


12 


FEViA^C 






22 


TLC 


23 


10 


11 


DLCO 


17 


5 


13 


50-75% 








FVC 


7 


10 


8 


FEVi 


9 


9 


7 


FEViA^C 




1 




TLC 




1 


2 


DLCO 


6 


8 


6 



<50% 

FVC 1 2 

FEV, 4 3 

FEViA^C 

TLC 1 
DLCO 

ND 

FVC 8 2 

FEV, 8 2 

FEV,/VC 1 8 2 

TLC 1 13 10 

DLCO 1 11 5 

A partial remission was observed in 2 patients with endometrial carcinoma 
(Fig. 7A). Sustained responses occurred early after initiation of chemotherapy, within the 
first 4 weeks, and led to resection of pulmonary disease with curative intent in 2 patients. 
After resection tiiese 2 patients received two courses of adjuvant chemothnapy with a 
combination of intravenous cisplatin and irinotecan, anodier camptothecin derivative. In 
another patient with endometrial canca: and Uvct metastases, a partial remission was 
observed in the liver, demonstrating the systemic potential of aerosol delivery of this drag 
(Fig.7B). 
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Of the six patients in cohort 1 (0.26 mg/m"^), five volunteered for 
pharmacokinetic studies. With the last two patients, samples were processed within 3-5 
min , to separate 9NC into its lactone form. 9NC measured as total 9NC was detected in 
plasma at the first time point, midway through the 1-hour aerosol exposure (Fig. 8). Total 
5 9NC plasma concentrations continued to increase for 2 to 3 hr from the start of treatment 
reaching a mean (±SD) peak concentration of 37.7±20.2ng/nil at 2 hr (range: 13.6-58.0 
ng/ml). Mean (±SD) clearance of 9NC was biphasic with a Tia^ of 1.9±1.4 hr and a Tm^ of 
16.4+10.5 hr. The area under the curve of the lactone form measured in the last two 
patients comprised only 3.2 and 3.5% of the total 9NC (data not shown). 

10 Four of the 5 patients above also volunteered to have either a BAL (3 

patients) or a bronchial aspirate sample (1 patient) taken to measure pulmonary 9NC 
concentrations. The time of obtaining a sample as spread out among the patients from 1 .2 
to 4.8 hr from the start of aerosol treatment is shown in Table 11. Because of the large 
dilutions, BUN levels in the BAL fluids were below detection (i.e., <0.5 mg/dl). For the 

15 BAL fluids, 9NC concentrations were >4.2 to >10.6 times hi^er that those measured 
concurrently in the plasma (samples obtained between 2.1 to 4.8 hr from the start of 
aerosol treatment). For tiie bronchial aspirate taken almost immediately after the end of 
treatment, the ratio was 1.4. 

TABLE 11 

20 

Total 9-NC in bronchoalveolar lavage (BAL\ fluids and a lun^ aspirate compared to plasma 
in .subiects from cohort 1 receiving 9-NC liposome aerosol for one hour (0.26 me/m^) 



BAL Time BUN ( mg/dl ) ' 9NC (ng/ml) BAL 
25 Performed BAL Correct Plasma 
Subject Cycle Dav hr'- BAL plasma SMf BAli Plasma^ Ratio 





1 


3 


2.1 


<0.5 


11 


8.2 


>180 


43.2 


>4.2 


3 


4 


3 


4.8 


<0.5 


13 


4.3 


>112 


10.8 


>10.4 


30 4 


2 


4 


3.5 


<0.5 


7 


25.8 


>361 


34.2 


>10.6 


6' 


1 


4 


1.2 


13 


11 


60.7 


51 


36.2 


1.4 



'Time from start of aerosol treatment; 'Minimum level of detection was 0,5 m^dl; 



^Corrected from the ratio of BUN in plasma compared to BAL fluid; 

^aken at the same time as tiie BAL specimen; ^For subject 6, a lung aspirate was obtained 
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To compare the effect of estimated deposited PNC dosage on plasma drug 
levels, common time points were selected for cohorts, 1, IB, 2, 3 and 6. A comparison of 
plasma drug levels at 0 (before start of treatment), 2 and 5 hr from the start of aerosol 
treatment is shovra in Figure 9. At doses of 0.26 and 0.52 va^, maximum mean plasma 
5 levels of total 9NC were directly proportional to Ae dose at tiie end of a week of treatment 
measured at 1, 4 and 8 weeks. Because of fewer patients at the 0.78 mgta^ dose, 9NC 
levels appeared higher, but were not statistically different. There appeared to be a sex 
different in total 9NC plasma levels for the first cohort on days 5 of the first week of 
treatment Peak plasma levels in women of cohort I at the aid of the first week of 
10 treatment were higher than for the men (P = 0.046; t-test, two-tailed). 
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Any patents or publications mentioned in this specification are indicative of 
Hie levels of those skilled in the ait to which the invention pertains. Further, these patents 

20 and publications are incorporated by reference hoein to the same extent as if each individual 
publication was specifically and individually incorporated by reference. 

One skilled in the art will appreciate readily tiliat the present invention is 
well adapted to cany out the objects and obtain the ends and advantages mentioned, as well 
as those objects, ends and advantages inherent herein. The present examples, along with the 

25 methods, procedures, treatments, molecules, and specific compoimds described herein are 
presently representative of preferred embodiments, are exemplary, and are not intended as'; 
limitations on the scope of the invention. Changes therein and other uses will occur to 
those skilled in the art which are encompassed within the spirit of the invention as defined 
by the scope of the claims; 
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WHAT IS CLAIMED IS: 

1 . A mediod for treating a primary lung cancer or a metastatic cancer to 
the lung in an individual comprising the step of: 

5 delivering at least once to the respiratory tract of the individual via inhalation 

a nebtilized liposomal aerosol comprising a dilauroylphosphatidylcholine liposome 
containing camptothecin or a derivative thereof in an amount sufBcient to deliver a 
pharmacologically effective dose of said camptothecin or derivative thereof to treat said 
cancer. 

10 

2. The method of claim 1, wherein said nebulized liposomal aerosol is 
deUvered via an inhalation regimrai comprising twice a day for 5 consecutive days within a 
week for one or more consecutive weeks. 

IS 3 . The method of claim 2, wherein a period of consecutive weeks is the 

first 8 weeks out of a 10 week period. 

4. The method of claim 3, wherein the inhalation regimen is repeated 

after week 10. 

20 

5. The method of claim 2, wherein said nebulized liposomal aerosol is 
inhaled for 60 minutes during each period of inhalation in the regimen. 

6. The method of claim 1, wherein concentration of said camptothecin 
25 or derivative thereof in said dilauroylphosphatidylcholine liposome comprising said 

liposomal aerosol does not «cceed 1.0 mg/ml. 

7. The method of claim 6, wherein the concentration of said 
camptothecin or derivative thereof in said dilauroylphosphatidylcholine liposome 

30 comprising the liposomal aerosol is about 0.4 mg/ml. 
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8. The method of claim 1, wherein a ratio of camptothecin or derivative 
thereof to dilauroylphosphatidylcholine in said liposome comprising the liposomal aerosol 
is about 1 : 10 to about 1: 50 wt:wt. 

5 9. The method of claim I, wherein said dose of camptothecin or 

derivative hereof delivered via inhalation is about 026 mg/mVday to about 1 .04 mg/m^/day. 

10. The method of claim 1, wherein said camptothecin derivative is 9- 
nitro-camptothecin, 9-amino-camptothecin or 10,11-methylenedioxy-camptothecin. 

10 

1 1 . The method of claim 1 , wherein said metastatic cancer is a sarcoma, a 
melanoma, lung cancer endometrial cancer, cwvical cancer, pancreatic cancer, thyroid cancer 
or trophoblastic cancer. 

15 12. A nebulized liposomal aerosol comprising 

dilauroylphosphatidylcholine and camptotiiecin or a derivative thereof suitable for delivery 
of said camptotiiecin or derivative tiiereof to flie respiratory tract of an individual upon 
inhalation of said nebulized liposomal aerosol, wherein concentration of said camptothecin 
or derivative thereof in said dilauroylphosphatidylcholine liposome does not exceed 1.0 

20 TDg/tCiL 

13. The nebulized liposomal aerosol of claim 12, wherein the 
concentration of said camptothecin or derivative thereof in said 
dilauroylphosphatidylcholine liposome is about 0.4 mg/ml. 

25 

14. The nebulized liposomal aerosol of claim 12, wherein a weight ratio 
of camptothecin or d^ivative tiiereof to dilauroylphosphatidylcholine in said liposome is 
about 1:10 to about 1:50 wt:wt. 

30 15. The nebulized liposomal aerosol of claim 14, whetein said 

camptotiiecin derivative is 9-niti:ocamptotiiecin and said weight ratio is about 1:50. 
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16. The nebulized liposomal aerosol of claim 12, wherein said 
camptolfaecin derivative is 9-mtro-camptothecin, 9-amino-camptotiiecin or 10,11- 
metbylenedioxy-camptotfaecin. 

5 17. The nebulized liposomal aerosol of claim 12, wherein said 

camptothecin or derivative thereof treats a primary lung cancer or a metastatic cancer to the 
lung in the individual upon delivery to the respiratoiy tract. 



1 8. The nebulized liposomal aerosol of daim 1 7, wherein said metastatic 
10 cancer is a sarcoma, a melanoma, lung cancer endometrial cancer, cervical cancer, pancreatic 

cancer, thyroid cancer or trophoblastic cancer. 

19. The nebulized liposomal aerosol of claim 12, wherein said 
dilauroylphosphatidylcholine-camptothecin or derivative fliereof liposome comprising said 

1 5 liposomal aerosol is produced by the following steps: 

dissolving said camptothecin or derivative thereof in a volume of DMSO to 
produce dissolved camptothecin or derivative thereof; 

dissolving dilaiu-oylphosphatidylcholine in an appropriate solvent to 
produce a dissolved dilauroylphosphatidylcholine; 
20 combining said dissolved camptothecin or derivative thereof and said 

dissolved dilauroylphosphatidylcholine to produce a solution, said solution having a 
DMSO concentration not exceeding about 5% of tiie total volume of said solution wh«ein a 
weight ratio of said camptothecin or derivative thereof to said dilauroylphosphatidylcholine 
in said solution is in a range of about 1:10 wt:wt to about 1 :50 wt:wt of said solution; 
25 evaporating said solvents from said solution to produce a powder; and 

redissolving said powder in sterile water to produce a suspension, wherein a 
concentration of said camptothecin or derivative thereof in said sterile water does not 
exceed said 1.0 mg/ml. 
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Aerosol treated (38.3 ^g/kg/day) 
Oral treated (100 f/g/kg/day) 
Control 



Fig. 4 
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N=4 

P=0.063 



N=5 

P=0.006 



1 



N=5 

P=0.177 



W!^ 0.26 mg/m 
I7777^ 0.52 
rry-y 0.78 



N=5 

P=0.448 



N=2 

P=0.189 
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